Abstract: Animal models are an essential testbed for new devices on their path from the bench to the patient. Potential impairments by brain stimulation are often investigated in water mazes to study spatial memory and learning. Video camera based tracking systems exist to quantify rodent behaviour, but re ections of ambient lighting on the water surface and artefacts due to the waves caused by the swimming animal cause errors. This often requires tweaking of algorithms and parameters, or even potentially modifying the lab setup. In the following, we provide a simple solution to alleviate these problem using a combination of region based tracking and independent multimodal background subtraction (IMBS) without hav ing to tweak a plethora of parameters.
Introduction
Deep-brain stimulation as well as cochlea and retina implants are the most prominent, though not the only, examples of modern therapeutical devices dubbed electroceuticals [7] . These, like all other kinds of medical devices, have to prove their e cacy and safety before widespread use in patients is permitted. Yet, some aspects of these devices are permanently under investigation, like the potential side e ects deep-brain stimulation might have on cognition and learning in patients. Our research aims at shedding light on this question in the context of brain stimulated animal models in a forced learning paradigm in a water-maze. Water-mazes are laboratory devices classically used for probing hippocampal functions predominantly associated with both working and spatial memory and spatial navigation [8] [9] [10] . Rats are trained to locate *Corresponding Author: Olaf Christ: Section for Neuroelectronic Systems, Clinic for Neurosurgery, University Medical Center Freiburg, Engesser Str. 4, 79108 Freiburg, Germany (tel.: +49(0)761-270-50072; fax: +49(0)761-50081); E-mail: olaf.christ@uniklinik-freiburg.de Ulrich G. Hofmann: Section for Neuroelectronic Systems, Clinic for Neurosurgery, University Medical Center Freiburg, Engesser Str. 4, 79108 Freiburg, Germany (tel.: +49(0)761-270-50076; fax: +49(0)761-50081); E-mail: ulrich.hofmann@uniklinik-freiburg.de the site of a hidden escape platform using visual cues located around the maze. As the training progresses, the rat is getting better and better at nding the platform and is also taking a more direct route towards the escape platform. This is considered a result of learning the position of the platform. Because the behavioural experiments usually involve several repetions and many rats, automatic video analysis promises to be an attractive alternative over manual analysis. However, in reality, re ections of ligthing on the water surface can render those systems useless, because movement artefacts have to be removed by hand from the tracking data. Furthermore, current systems usually require the user to tweak and understand a lot of parameters. While the problem arising from of ambient lighting can be often aleviated by modi cations of the lab's illumination, re ections on the water surface and artefacts due to waves caused by the animal swimming through the water are harder to come by. To that end, we propose combining independent multimodal background subtraction (IMBS) [1] with region based tracking [2] . Since the region based tracking algorithm itself only works on binary images, it is able to work on any input segmented by a separate algorithm. Such an algorithm can either provide a complete binary images as it's the case with IMBS or it can be incorporated into the tracking process acting as a homogeneity criterion to only make binary decisions locally when they are actually needed.
Material and methods
For our behavioural experiments on brain-stimulated rodents, we routinely use the double H maze [4], a novel water-escape task adressing the issue of otherwise lacking control over the rodents' strategy, i.e. the use allocentric (declarative-like) or egocentric (declarative) memory to reach it's goal [11] . All protocols were approved by the Animal Care Committee of the University of Freiburg, and e orts were made to minimize the number of animals used with respect to statistical constraints. A video camera is mounted 3m above the maze to lm the experiment. To exclude the experimenter from accidentally being tracked, we use a simple binary mask to limit the tracking to the area of interest. The procedure consists of the following steps: 1. Histogram equalization of the input video frame. 2. Apply hand painted "no track" mask to image to remove pixels outside the area of interest 3. Threshold the image to identify (most of) the re ections caused by the lights 4. Dilate the result from step 3 to cover up movement of less bright re ections that are potentially erroneously considered by IMBS as foreground. 5. Run IMBS on the equalized input image 6. Erode and dilate the IMBS foreground mask 7. Use dilated threshold image from step 4 to remove unwanted pixels from the IMBS foreground mask image to get rid of re ections tracked by IMBS 8. Use the resulting binary image as an input for region tracking to actually track the area corresponding to the swimming rat. 
. Background subtraction using IMBS
By necessity, all trials in the double-H maze are recorded on video for subsequent analysis of errors, latencies, rst choices, etc. Before settling on IMBS, we have evaluated all 35 algorithms provided by the Background Subtraction Library (bgslibrary) [5] . We decided on using IMBS, because it clearly outperformed it's competitors when confronted with a dynamically changing water background. This is not surprising, since IMBS has speci cally been designed for this kind of scenario. To address the problem of having a dynamically changing background and gradual illumination changes, a noisy sensor as well as movement of small background elements, up to N/D tuples for each element of B are used for approximating a multimodal probability distribution. IMBS does not model the background by using a predened distribution, but instead discretizes the unknown distribution and non-regular patterns are modeled by an adaptive number of tuples for each pixel. Step 1: Take a video frame.
Step 2: Apply Histogram equalization to the input frame.
Step 3: Binarize the equalized image to identify bright reflections.
Step 5: Run IMBS and exclude previously identi ed bright reflections from tracking. For visualization purposes, the excluded reflections are shown in blue and the trackable regions, classi ed as foreground pixels, are shown in green. The pink rectangle is not part of the tracking procedure and only to mark the position of the rat.
. . Improvements over standard IMBS
Not surprisingly, even though IMBS performs tremendously well, it does misclassify some re ections as a part of the foreground. However, since those re ections are signi cantly brighter than the background, they can easily be identi ed by simple thresholding. Furthermore, the moment the rat enters a uniform area showing a re ection, the area becomes nonuniform. And since the rat itself is not re ective, re ections occuring at and around it's position can be safely discarded.
Region based tracking . Tracking by growing and shrinking
The utilized tracking algorithm was rst described in [2, 3] and combines well known region growing [12-17] with it's inverse operation coined region shrinking [2, 3] . Furthermore, the algorithm provides the object's contour as a byproduct of the actual tracking procedure. The algorithm is extremely fast even on low end computers, since it never operates on the whole image. In fact, on average only 10 percent of the pixels have to be accessed per frame.
. Algorithm description
Although the algorithm has been explained in great detail in [2], we brie y explain how growing and shrinking work together to track regions.
. Seeding
We use a regular grid grid of seed pixels to nd areas potentially satisfying a prede ned criterion called the homogeneity criterion. Seed pixels not satisfying this criterion are discarded. Others are grown to seed regions and tracked over time as long as the homogeneity criterion is satis ed.
. Shrinking
After growing a region in one frame, some part of a that region might fall outside the tracked object in the following frame. Hence, the part of that region outside the displaced object has to be shrunk until it's back within the bound- aries of the object. The process of shrinking is illustrated in Fig. 2 and Fig. 3 .
Growing
Shrinking moved the overlapping part of the region back inside the tracked object. Now, regular region growing takes care of the part not covered by the region anymore. The region is now again fully segmented.
. Making the contour
The boundary of a tracked region is made out of a 4-connected chain of vectors, each representing one of four sides of a pixel and completely surrounding the region and ending at the beginning of the rst vector. Hence, generating a contour is merely the process of following that chain and producing a list of contour points. This contour is always closed.
Results
We have presented a very simple procedure, which requires no parameter tuning and can be put into immedi- The resulting path appears to be mostly una ected by artefacts due to waves on the water surface.
ate use when trying to track animals swimming in a water maze of arbitray shape. Implemented on a standard Dell desktop PC using a Core i5 CPU and 16GB of RAM. All processing steps are performed at an overall framerate of about 15 frames per second or 60 ms per frame with IMBS taking spending 55 ms per frame and the actual tracker only spending 5 ms per frame.
Step 5 of Fig. 1 shows the actual immediate tracking result (note the lighting re ections) and Fig. 4 summarizes a rats path on its way to the escape platform.
Conclusion
While tracking animals in a water maze exhibiting moving re ections remains challenging, one can achieve very promising results using very recently published algorithms and without having to tune a plethora of parameters. Our algorithm is in active use to analyze behavioral implications of deep brain stimulated rats, which results are reported elsewhere.
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